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Asthma is a chronic infl ammatory condition of the airways characterized by recurrent or persistent symptoms with evidence of variable airfl ow obstruction or hyperresponsiveness to certain stimuli. 1 The clinical diagnosis is based on episodic symptoms of chest tightness, wheezing, shortness of breath, or cough, but we cannot reliably diagnose asthma based on symptoms alone.
Spirometry provides an objective measure of obstruction, which adds to the reliability of the diagnosis. Therefore, it should be done in all patients in whom asthma is suspected.
Spirometry provides another diagnostic measure by quantifying whether airway obstruction reverses after the patient is given a dose of a bronchodilator. Although the exact criteria for reversibility of obstruction are unclear, the American Thoracic Society defi nes it as an increase in the forced expiratory volume in 1 second (FEV 1 ) of 12% or more from baseline and an absolute increase of 200 mL or more. It can also be an increase of more than 200 mL in the forced vital capacity (FVC). 2, 3 Spirometry can also be used to evaluate or rule out other causes of chronic shortness of breath and common asthma mimics.
Failure to perform spirometry can result in a false diagnosis of asthma in patients who do not have it, or in a missed diagnosis in patients who do. 4, 5 Either situation often leads to inappropriate use of medications, exposure of patients to side effects, delays in appropriate diagnosis, and ongoing morbidity.
Despite the evidence in its favor, spirometry is underused. In a 2012 Canadian study, only 42.7% of 465,866 patients with newly diagnosed asthma had any spirometry testing performed within 1 year before or 2.5 years after the diagnosis. 6 Similarly, in a 2015 US study, only 47.6% of 134,208 patients had spirometry performed within 1 year of diagnosis. 7 Interestingly, this study found that the use of spirometry actually decreased after publication of guidelines from the National Asthma Education and Prevention Program 1 that recommended spirometry.
■ CASE CONTINUED
We discussed the benefi ts of spirometry with our patient, who agreed to undergo the test. Her results are shown in Table 1 .
Her baseline values were normal; her FEV 1 /FVC ratio was 73.67% (lower limit of normal 72.62%) and thus was not signifi cant for airway obstruction. However, after 4 puffs of an inhaled short-acting beta agonist, her FEV 1 increased by 15% from baseline (from 1.98 L/second before to 2.25 L/second after), a clinically signifi cant response (defi ned as ≥ 
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12% from baseline and an absolute increase of at least 200 mL [1] [2] [3] ). Had we not included bronchodilator testing, given the absence of underlying baseline obstruction, her shortness of breath could have been attributed to other causes, resulting in a missed asthma diagnosis.
Nevertheless, postbronchodilator measurements should not be performed in all patients with normal baseline results unless asthma is strongly suspected on clinical grounds. In one study, only 3% of 1,394 patients with normal baseline results showed improvement with a bronchodilator. 8 In this patient population, bronchodilator testing would add both time and cost with little benefi t.
Our patient's reversibility of obstruction helped confi rm the diagnosis of asthma. Absence of reversibility, however, does not rule out asthma, because spirometry results, like clinical symptoms of asthma, can vary. If clinical suspicion remains high and spirometry does not show clinically signifi cant reversibility, then bronchoprovocation testing (most commonly with methacholine) could be done.
Although a positive methacholine challenge test can help identify asthma in patients with atypical symptoms or normal baseline test results, conditions other than asthma can also cause positive results. The sensitivity of methacholine challenge has been reported to be as high as 96%, while its specifi city averages less than 80%. 9 Given its high negative predictive value, the test can help rule out asthma, as negative results are rarely falsely negative.
■ SPIROMETRY'S ROLE IN ASSESSING ASTHMA SEVERITY AND CONTROL
Once the diagnosis of asthma is established, its severity and control need to be assessed to guide therapy. This is typically done by ascertaining how often the patient experiences asthma symptoms, how often the patient uses short-acting beta agonists (ranging from days per month to multiple times a day), and how often he or she has nighttime symptoms. The most severe symptom or most abnormal response is used to categorize asthma as intermittent or persistent, with severity ranging from mild to severe. Symptoms are not always effective measures of asthma control, and subjective measures of symptoms often do not correlate with asthma severity, resulting in underestimation of the degree of airway obstruction. 10, 11 A review of 500 patients with an established asthma diagnosis found that in 110 patients with self-reported control of symptoms that included use of short-acting beta agonists no more than once per day, no night awakenings in the past week, and no missed school or work in the past 3 months, only 61 (55%) had an FEV 1 above 80% of predicted. 12 Further, neither the FEV 1 nor FEV 1 /FVC ratio was shown to have a direct relationship with subjective measures of disease severity or control.
These observations highlight the need to use the objective fi ndings from spirometry to assess asthma control and severity. Relying on the clinical symptoms alone likely underestiSymptoms alone likely underestimate the severity of asthma 
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mates the severity of asthma, especially in patients who are "poor perceivers" of symptoms. This can lead to undertreatment or an inappropriate step-down in therapy. Current guidelines recommend repeating spirometry once therapy has brought the disease under control to establish a true baseline of airway function. [1] [2] [3] Spirometry should be repeated again during any prolonged loss of asthma control and at 1-to 2-year intervals in patients with well-controlled disease as a means to monitor disease progression by measuring changes in airway function over time.
■ ROLE IN PREDICTING EXACERBATIONS
Current questionnaire-based assessments of breathing symptoms focus on disease severity and control, not on the risk of exacerbation. Although it may seem intuitive that patients who have the most severe disease are at highest risk of exacerbations, many patients with "mild" disease and "good" control experience exacerbations that require expensive emergency department visits. Nearly half of all the money spent on direct medical care for asthma is for urgent outpatient clinic and emergency department visits and hospitalizations. 13 Using the FEV 1 , either by itself or in combination with other diagnostic tools such as questionnaires, has been shown to be superior to the clinical history alone in identifying patients at high risk of acute exacerbations. 14, 15 In addition to improving patient care and quality of life, spirometry could substantially reduce costs of care.
■ BOTTOM LINE
Although asthma remains a clinical diagnosis based on episodic symptoms consistent with airfl ow obstruction, symptoms alone cannot reliably be used to diagnose the disease or assess its severity and control.
Spirometry, including FEV 1 and FVC, is an important objective measure to help with the diagnosis and should be done in all patients in whom asthma is suspected, both at the time of diagnosis and at intervals to assess disease progression. Spirometry also provides data to help assess the severity of asthma, which often does not correlate with clinical perception of symptoms, and it can be a predictive tool to identify patients at high risk for exacerbation, a common cause of emergency room visits and hospitalizations.
Some patients perceive spirometry as cumbersome and do not want to do it or cannot do it-spirometry takes quite a bit of effort and coordination while following directions. Also, it is not always easy to do, as patients with severe obstruction have a hard time maximally exhaling. Nevertheless, testing is safe, with few risks or adverse outcomes and can be easily performed in primary care settings and subspecialty clinics.
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